This paper is concerned with tracking control of a dynamic model consisting of a flexible beam rotated by a motor in a horizontal plane at the one end and a tip body rigidly attached at the free end. The well-posedness of the closed loop systems considering the dissipative nonlinear boundary feedback is discussed and the asymptotic stability about difference energy of the hybrid system is also investigated.
Introduction and System Formulation
Mechanical flexibility in motion control systems attracted more attention in recent years.
Motivated by [4] , in which a hybrid system describing the overhead crane model was studied, we will consider in this paper a flexible beam rotated by a motor in a horizontal plane at one end and a top body rigidly attached at the free end. This model fits a large class of real applications such as links of robot system and space-shuttle arms in which high speed manipulation and long and slender geometrical dimensions are the major factors causing mechanical vibration. To achieve high speed and precision end point positioning of the flexible beam (which must be guaranteed in any condition variations such as payload) the boundary control is one of the major strategies in production and space applications.
Let t be the length of the beam, p the uniform mass density per unit length, E1 the uniform flexural rigidity and rn be the mass of the tip body attached at the free end of the link, Ira the moment of inertia of the motor and J the moment of inertia associated with the tip body. Taking the motor's torque as the control input and neglecting rotary inertia and shear deformation effects and actuator dynamics, the total transversal displacement y(x, t) at position x and time 1This research was supported by the National Natural Science Foundation of China. 
Then a simple calculation yields
This means that A is monotone.
prove the range condition (see [1])
To prove the maximal monotonicity of A it is sufficient to (+)= , i.e., for any given Uo(X), Vo(X), al, a2, a3) E , there exists (u(x) 
If u(x)E H4(0, t) is a solution of (7), then multiplying by pC(x)E H(0, ) both sides of the first equation of (7) and integrating from 0 to with respect to x, we have
where the bilinear functional a(.,.)is defined and coercive on H(0, g) and a linear bounded functional F(. )is defined on H(0, ) as follows: 
)satisfies equation (7) in the sense of distribution.
Next, since equation (7) is a regular elliptic boundary value problem, from classical elliptic theory [3] , u e H4(0, g). Because Uo(X H2(0, t), we see that v(x) u(x) Uo(X e H2(0, ), and T be a solution of equation (2) with the initial condition Y(0)-Y0" By (6) and assumption (3), I] S(t)Yo I I -0 means that 0<x<, t>0,
Multiplying by x on both sides of the first equation of (8) Next, multiplying by y(x,t) and 2(x--c)yx(x,t) both sides of the first equation of (8) 
The Uniform Decay
To get the uniform decay, we design, in this section, a boundary feedback control as
Then the closed loop system would be
In this case, the energy takes the form 1 2 1 2 1 2t(, t)"
Consequently, the underlying state space becomes -H(0, )x L2(0, )x N2 with the inner prod-
where H(0, t)is defined in section 2. Equation (14) can also be written as a nonlinear evolution equation in :It;:
but instead of (4), here A:
and state variable Y(t) (y(x, t), Yt(X, t), yt(g, t), yxt(, t)) T.
Following the same line as that of section 2, we also have Theorem 3: The operator A defined by (17) (29)
